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Making a sensitive balance 


You can make a simple balance with (wo empty cans, à 
cork, a lont plastir knitting needle and pwo pins- lush the 
knitting needle through the cork so that it balances. Che 
two pins are stuck into the cork near the ends; and ihe 
poris form the pivot. 

Cut rwo squares of thin card exactly the sime size and 
hang them, with strands of cotton at the same distances 
Irom the pivot, from the two ends of the knitting needle 
so that they balance. These are the pans. Place two empty 
tins close together and balance the cork between them on 
the heads of the pins. If one pan is slightly lower than the 
other, put a few grains of sand in the other pan to make 
them level, 


You can use this balance to compare the masses of 
different light objects such as feathers, grains of rice, 
needles and pins. How many grains of rice are as heavy as 
a needle? 








Making a straw balance 

You can make a very sensitive balance that will 
accurately weigh things as light as a pin, using a straw, a 
need 





c, and some card. First make the fulcrum from a 
piece of card measuring 1ücm by 3cm, creased and 
folded at the two ends so that a needle can rest across the 
top- Gently push a Meccano screw in one end of a milk 
straw, cut a slit in the other end and insert a small piece 
of tinfoil. This is the weighing pan. Now carefully stick a 
long needle through the straw's centre point and balance 
it on the card, Adjust the balance by turning the screw. 


To measure the mass of a pin, find the weight of a 
sheet of squared paper on the kitchen scales, You can find 
the weight of a single square by dividing the number of 
squares into the weight of the paper sheet, Then cut out 
some paper squares, 


Push a lollipop stick in some ‘Plasticine’, and stand ii 
close to the straw balance. Using a pair of tweezers, 
carefully drop the pin on to the tinfoil pan and see where 
che arm of the balance drops, Mark the spot on the 
lollipop stick. Remove the pin and add paper squares 
until the same mark is reached. You now can add the 
weight of the squares, and the total gives you the pin's 
mass, 
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Finding the balancing point 


If you slowly push a book across a table, it will balance 
at the table end before it drops to the floor. There is a 
certain. point in all objects where the whale weight seems 


to centre. This point is called the Balancing Point or 
Centre of Gravity. 


The centre of gravity of a long, thin object can be 
discovered by resting it on. your hands, and then moving 
your hands slowly together. No matter how the object is 
placed, your hands come together at the centre of gravity. 


What is gravity 7 


Sir Isaac Newton, 1642-1727, one of the greatest 
scientists of all time, was obsessed with finding out more 
about gravity. When he was studying at Cambridge 
University, he was puzzled about the mysterious force that 
keeps the moon circling the Earth. Why, he wondered, 
doesn't the moon fly off into space? There is a story that 
the answer came to Newton one day when he was relaxing 
under an apple tree. Suddenly an apple fell on his head. 


Why did the apple drop? mused Newton, Why didn't it 
float in the air? After a great deal of thought and 
discussion with other scientists, Newton realised that the 
apple dropped to the ground because the Earth attracted 
it. He called this attraction gravity, 


su E T |: i s : T- 4 , - a r 

The Earth's gravitational pull on an object is called its 
weight. The effect of gravitational force is smaller on 
lighter objects and bigger on heavier objects. 


Gravity on the moon is about one sixth of that of the 
Earth. During the mior walks. IT OCHT explorers needed 
weighted boots as they walked on the dusty surface, 
because moon weight is only one sixth of Earth weight! 





UMP ee 


The first man to walk on the moon 
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Finding the centre of gravity of awkward shapes 


Some shapes are too awkward to find the centre ot 
gravity by using your hands, Another method has to be 
used. Put an old tennis ball m the mouth of a small 
empty tin. Cut out some peculiar and unusual shapes 
from cardboard and balance them in turn on the tennis 
ball. Which objects have the centre of gravity in the 
middle? Can you guess where the centre of gravity Is-on 
any of the shapes? 


Tricks with gravity 


The centre of gravity ts not always where you think it 
is, and sometimes you may be fooled by what you see. 
The centre of gravity of every object will always be as low 
as possible, which means that some objects fall over if 
they are not secured to the ground. Try this experiment 
and this will become more clear. 


You need a round cardboard cheesebox that can roll 
like a wheel, Fasten a small marble to the inside rim with 
a piece of 'Sellotape'. Before you close the box, make a 
small mark with a pen on the outside so that you know 
where the marble is. Make a gentle slope by leaning one 
long thin book on another, and hold the box near the top 
af the slope. Make sure that the marble weight is on the 


downhill side of the cheesebox, When you let the box go 
it rolls down the hill as you would expect, Now set the / 
box at the bottom of the slope with the hidden weight on 
the uphill side. This time the box will gently and slowly 
roll up the sloping book. In both the experiments the 
centre of gravity went down as the box rolled, but in the 
second experiment the whole box had to roll towards the 
top of the slope so that the weight could go down. 


Here are some other experiments. Cut a slice off a large 
raw potato, about 3em thick, and push a pencil through 
it until the point comes out about 3cm the other side. 
Carefully stick a dinner fork in the vegetable heen eee 
near the bottom. Now hold the pencil on the edge of a 
table and gently move the parts of your construction until 
a balance is achieved. When the pencil i balanced, dive | 
it a litte tap and watch it swing round on the table edge, 


Stick a fem nail into the top of a cork. Get two table 
forks and stick them in one each side of the cork. Now 
rest the nail on the rim of a plastic beaker and slowly 
slide the nail across the rim until it balances, The centre 
of gravity of the forks and cork is exactly where the nail 
rests on the beaker rim. 





More about levers 


‘The lever is a very common machine, Scientists say that 
there are three kinds of levers in daily use. They are 
called the First Class Lever, the Second Class Lever and 
the Third Class Lever. Look at these illustrations of the 
three classes of levers: 


This is the most common type of 
lever, The fulcrum 1s located 
between the effort and the load. 


| load 


First class lever 






In the second class lever, the load ts 
between the effort and the fulcrum. 


Second class lever 


fulcrum 
This type of lever is arranged so 
TT that the effort is applied between 
one effort the load and the fulcrum. 


Third class lever 
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Look at these pictures of levers. Can you draw lever 
diagrams in your notebook and see which class they 
lielong to? 






piliers 






tWwebpzers | 





crowbar 


Here is something for you to think about. When you 
push a door in your home it is easy when your fingers are 
à long way from the hinge fixed to the wall. Why does it 
get more difficult to push the door when you put your 
lingers close to the hinge? The force you apply is more 
effective when it acts a long way from the hinge, just as 
the weighted matchbox was easier to lift when the 
fulcrum was placed closer to it. The door is a lever. 
Which class does it belong to? 


Archimedes once said, “Give me a fulcrum on which to 
rest and I will move the Farth.’ 


What point was he trying to make? 
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The inclined plane 


Some gardens have lawns and vegetable patches 
separated by steps. Gardeners move rubbish with 
wheelbarrows from one level to the other, and lay wood 
planks over the steps and push or pull the wheelbarrow 
over them. It is far easier to drag or push the load up a 
smooth slope, 

An inclined plane is a smooth slope. The inclined plane 
was probably used by the Egyptians to build the 
Pyramids, the towering structures that still stand today. 
One, the great Pyramid of Cheops, was built in 2600 BC to 
a height of 146m. ‘This huge imposing structure contains 
enough stone slabs to make a wall right round the Earth 
one brick thick and about three bricks high! This 
staggering number of slabs was moved into position by 
slave labour using brute strength, the lever and the 
inclined plane, 


Moving slabs from quarries was another problem for 
ihe Egyptians. Rock was difficult to drag over rough 
ground. This was overcome by resting the huge weights on 
rollers made from tree trunks, These acted as small 
wheels, and the slabs were pulled to the building areas, 
You can copy this idea by resting a number of heavy 
books on top of a few round pencils to act as rollers. Push 
the books and you will notice how easily they move across 
the floor. 


Builders today call inclined planes ramps. Plank ramps 
are à common sight on building sites, linking one set of 
scaffolding to another. Bricklayers fill wheelbarrows with 
bricks or cement and push the loads up ramps to the 
places where they are needed, 


The pathway down the Grand Canyon is a zigzag 
pattern, and many roads cut into mountain sides in alpine 
countries make use of the inclined plane principle. It is 
caster to travel longer on a shallow slope than to go 
straight to the top, 





The wedge 


Primitive man's first weapons were wooden spears, The 
tips were pointed and hardened by fire. Later, weapons 
and tools were made from hard stone like flint and coarse 
chert, so crude that archaeologists only identify them 
because they are found with discarded meat bones. 


Eventually early man made the first hand axe by 
chipping a nodule of flint on two sides to form a sharp 
cutting edge. Hand axes were grasped in the hand and 
used for grubbing up roots, cutting game that had been 
hunted and killed, and splitting and shaping wood. For 
an immense period of time, the hand axes invented by 
Stone Age man remained the most advanced tools and 
weapons available. 


because the force exerted by the edge pushes out in two 
directions as it enters the object being struck, forcing it 
apart. Look at an axe blade and see how the blade widens 
as it teaches the point of attachment, The wedge blade ts 
wo inclined planes back to back. One of the most | 
important wedge machines is of course the plough. 

. The Chinese used the wedge as a. press to extract oil 
Irom soya beans. The beans were put in a press and huge 
wooden wedges were driven in by men wielding massive 
wooden hammers, Pressure from the wedges squeezed and 
crushed the seeds, releasing oil into a collecting vessel. 
‘This process for extracting valuable soya bean oil is still 
being used im parts of rural China, 





The wedge-shaped hand axe is a machine that exerts a 
considerable force, When fixed to a wooden handle, a 
blow from an axe could split tree trunks, kill prey, and 
even shatter stones and rocks. The shape is effective 
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Nature's wedge: rain water seeps into rack cracks. During 
cod weather the water freezes, expands, and forces the 
rock apart, | 
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The pulley 


The pulley, another simple machine, was developed in 
Assyria about 8008C. The pulley shifts heavy loads from 
low ground to higher levels, and its discovery was of great 
importance to carly builders. 


The pulley is a wheel that turns easily on 
an axle, which is a rod-shaped structure. 
The wheel has a groove in the rim in which 
string, rope or wire is fitted. The string 
hangs down and one end is attached to 
the load to be lifted, and the other end 
is pulled by hand. When heavy loads 
are fixed to a pulley on a building site. 
thev are lifted off the ground 
by someone pulling downwards 
on a rope. We find it better 
to pull downwards than to 
lift a weight off the ground. 
and pulleys are invaluable 
because they change the 
direction of an effort. 












Cranes 


You can sce giant cranes in large factories, steelyards, 
building sites and shipyards. Cranes use pulleys and levers 
to lift enormous loads. Most cranes have a moving arm or 
jb which works like a giant lever. Ac the end of the jib is 
a pulley wheel. The biggest cranes have three or four 
pulleys working together. The more pulleys, the bigger 
the load a crane can lift. A winch provides the power to 
pull wire cable over the pulley wheels. 





Many modern buildings, especially tower blocks, 
department stores and hotels, are very tall. Climbing 
hundreds of steps after a wearisome day is very tiring, 
but, fortunately, the levels are linked by lifts. Pulleys play 
an important part in lifts, Pulleys operated by electric — 
motors raise the passenger car quickly and smoothly from 
the bottom floor to the top of multi-storey buildings. The 
electric motor works in both directions, so the lift can 
work going up or coming down, 


The rack 


Perhaps the most fiendish and cruel use of the pulley 
was the rack, a torture device that stretched the limbs of 
unfortunate suspects. Ropes tied to the arms and legs of 
some poor wretch were pulled by levers and pulleys until 
the sufferer’s joints were dislocated. Men and women sent 
to the Tower of London during Tudor times were 
tortured like this. 
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Experimenting with pulleys 


Let's make a simple pulley. To do this you will need 
some thin galvanised wire, a cotton reel, some string and 
a screw hook. First bend about 20cm of wire into a 
triangular shape with a gap between the two ends. Push 
the ends of the wire into the open ends of the cotton reel, 
Screw a hook into the top of a garage doorway (be sure to 
check with your parents first — they will not be too pleased 
if you do this without their knowing) and fix the reel to 
the hook. ‘Tie one end of a length of string to a bucket, 
loop the string over the cotton reel and pull. As you pull, 
the bucket will lift off the ground, 

When you use the pulley your effort on the string 15 
equal to the weight of the bucket. The advantage in using 
the pulley is that the direction of the effort is changed so 
that we pull down to lift the load up. 





There is a saying that many hands make light work. 
This is certainly true about pulleys. ‘Two pulleys are better 
than one and make the job of lifting heavy loads a lot 
easier, To lift a heavy load with one pulley, it takes quite 
an effort from your muscles. If you use two pulleys, chen 
the load can be lifted by half the effort, Let's make a 
double pulley and check this. You need four cotton reels 
and two pieces of wire, each about 20cm long. Bend the 
wire into triangular shapes and fix them to the cotton 
reels. Thread the string round the wheels and hang a load 
on the lower pulley. You will need plenty of string 
because for every 30cm the load is lifted, you have to pull. 
bÜcm of string through the pulley. Notice how it is easier 
to lift the load off the floor. 


You can use any number of pulleys, and the more you 
use the easier the work. 
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The wheel and axle 


About 6000 years ago, an unknown citizen of 
Mesopotamia made one of the greatest inventions of all 
time; the wheel. Working on the idea of the wooden 
rollers, the first wheel was probably no more than a solid 
slice of tree trunk with a hole in the middle to allow it to 
revolve round a fixed wooden axle. Nearly all primitive 
groups invented the wheel, except the American Indian. 
This may have been because there were no horses on the 
American continent until the Spaniards brought them in 
the sixteenth century. The Indians pulled loads on two 
branches tied in a V shape (called a £ravor:). 


Around 3000BC, primitive potters used the wheel for 
turning and making pots and utensils from clay. The 
potters used their feet to turn a massive wooden wheel 
that lay in a horizontal position, which left cheir hands 
tree to shape wet clay turning on a smaller wheel. 








The wheel and axle machine has two wheels, one large 
and the other small, on the same red or axle. A small 
effort on the big wheel turns the smaller one. The work is 
done by the small wheel, like crushing corn or spinning a 
lump of clay. The windlass is a machine that combines 
the wheel and axle with a pulley. The windlass is a 
traditional device for drawing water from wells, A similar 
machine, the capstan, is a Familiar sight on ships and in 
dockyards, pulling in heavy loads, like anchors or dock 
gates. Early capstans were made from wood and turned 
by men using wooden bars, Sailors pushed the bars fixed 
into a horizontal wheel, winding rope round a small wheel 
and pulling in the iron anchors. Windmills and water- 
wheels are other wheel and axle machines. 


Sometimes the wheel and axle machine principle is 
difficult to recognise. Can you find it in a screwdriver? A 
door key? The wheel and axle are like a rotating lever. 
Does this help you find the fulcrum, effort and load in 
each case? 
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The screw 


Screws come in lots of sizes. They are used for all kinds 
of jobs around the home because they give a strong and 
secure way of fixing materials together, especially wood 
and metal, Brackets for shelves are screwed into plaster 
and brick, giving a strong foundation. The shelves can 
then support quite heavy loads such as books. The screw's 
strength is in its unique shape. Fetch one long screw from 
your workbox and look at the spiral. You will notice that 
the screw is an inclined plane wrapped round a cone of 
metal. 


One of the first screw machines was invented by 
Archimedes in the third century BC, Archimedes, perhaps 
the greatest mathematician of his time, designed a 
machine to lift fresh water from the hold of a ship 
belonging to King Hiero Hl of Syracuse. Archimedes 
machine had a watertight cylinder enclosing a spiral 
running from end to end (something like the inside of a 
mincer), with its lower end immersed in the water. As the 
machine was turned by hand, the water collected in the 


rotating spiral blades and was lifted out of the ship's hold. 








Other familiar screw machines are woodwork. bench 
vices, and car jacks, When the jack is placed correctly 
under the body of a car (under the axle and not 
elsewhere), the screw is turned and the car is gently raised 
from the floor. Some car jacks use a lever to do this. 





a typical car jack 
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How machines work 


Need drove man to invent very basic but very effective 
machines that helped him to cope with his environment. 
Ideas soon spread, and machines were used by other 
groups who changed and improved them, New uses for 
the wheel were invented; better ways of using the lever 
were thought of; other methods of using the screw were 
designed. And yet, one thing remained a problem — all 
machines needed man's energy and muscle power. 


Machines could transfer man's muscular effort from one 
place to another, as in the lever lifting heavy stones. 
Pulleys changed the direction of his effort, so he pulled 
downwards to lift a load upwards. Other machines made 
tasks quicker to perform, 





Look around your home and collect together different 
hand tools. They would make primitive man marvel. Our 
hand tools are very efficient. For example, bang a nail 
into a block of wood with a hammer. Now try tà pull it 
out with your fingers! Impossible, isn’t i? Use a claw 
hammer tà remove the nail and notice how easy it is to 
pull it out. Can you find out how all the tools work? Can 
you see where the effort and load is for each tool? 


One of the more complicated machines that rely on 
muscle power is. à bicycle. When you ride a bicycle your 





leg muscles push hard on the pedals. By means of gears, à 
chain, two wheels and an axle, the downward thrust of 
your legs turns the back wheel which gives the front wheel 
a forward thrust, This propels-the bicycle forward, The 
torce you apply with your legs is the effort, The force the 
machine is working against is the load. The load is a 
combination of the air hitting your body, gravity, and the 
friction of the moving parts rubbing against cach 

other — not least the tyres on the road surface, Riding a 
bicycle is tiring, but pedalling from one town to another 
is far easter than walking, The bicycle is a well designed 
machine that reduces the effort to the minimum, 
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(sear wheels 


The wheel and axle machine gave man ideas for new 
kinds of machines. But there were problems, and changes 
in design were necessary, The invention of gear or cog 
wheels was a great advance and many of the problems 
were overcome because they helped to produce powerful 
forces in large rotaung wheel machines. Gear wheels 
opened the door to big machines, sach as windmills, 
water wheels and capstans. 


Gear wheels are fixed in machines to make different 
parts move at different speeds or in different directions. 
They have toothed edges. When two gear wheels are fitted 
together, one wheel turns one way, the other turns the 
other way. If one wheel has half the number of teeth. of 
the other, it turns twice to every one rotation of the 
bigger wheel. 

Clocks have different sized gear wheels arranged so that 
they move the clock hands at different speeds. The 
minute hand goes round once an hour and the small hand 
goes right round the clock face in twelve hours, 





Most bicycles have gears to help to make pedalling as 
relaxing as possible. For climbing hills, the rider selects 
low gear which makes pedalling easier. Going down hills, 
the cyclist changes into a higher gear which provides a 
high speed in return for slower pedalling. 


If you have a bicycle, turn it upside down so that it 
rests on the saddle and handlebars, See if you can find 
the gear wheel attached to the pedals. This drives a small 
gear wheel on the back wheel by means of the chain. 
Turn the pedals with your hands anil watch the back 
wheel move. Change gear and you can feel the difference 
in the effort required to keep the wheel moving at speed, 
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Friction 

Friction is the curse of all machines. As you pedal your 
bike along a country lane you are working against 
friction, It is a force that acts like a brake on the 
movement of most moving objects. If you rub your finger 
down a pane of glass, you slide without much effort to the 
window sill. But if you slide your hand across a sheet of 
sandpaper you can feel the unevenness of the sandpaper 
surface. The resistance slows up the movement. This 
resistance (which forces you to use greater effort to get 
your fingers across the surface) soon produces heat. Rub 
your hands together for a minute and the palms quickly 
get warm from the friction of the skin. The effect of the 
heat is more obvious with larger and faster moving 
objects, Friction between tyres and the road surface acts 
against a car's movement, slowing it down, and warming 
up the tyres. The next time you go for a drive, feel the 
hat tyres at the end of the journey. More heat is produced 
when the road surface is rough or if the tyres are 
underinflated., 


Space scientists know that space ships must be built to 
withstand intense heat that is generated when the vehicles 
enter the Earth's atmosphere. Friction between the craft 
and air molecules is reduced by streamlining the ship's 

shape so that air moves easily over the 
ship's skin. How do you streamline 
your body when you are cycling ? 











To overcome friction, 
moving machine parts are 
lubricated with oil and 
grease so that danger of 
damage is reduced; 

surfaces are smoothed 
|^ by sanding and 

polishing them; we use 
rollers, ball hearings or 





wheels; and we make things streamlined, which means 
that we change the shape | 
to reduce resistance, 


In spite of all this, we could not manage without 
friction. We would not be able to run or walk. since our 
feet would slip on the ground. Nails would not erip wood, 
matches would not light when rubbed against 
matchboxes, and cars, trains and aircraft would not be 
able to stop, 


Friction increases grip on 
our shoes. Would it be 
possible to walk without it? 








Ball bearings 


When man used tree trunk rollers to carry building 
stone for great distances over rough country he partly 
overcame the problem of friction. The slabs of rock were 
moved by rolling and not sliding, and the friction was 
reduced. 


The roller is a machine. In recent times it has changed 
from tree trunks to perfectly smooth balls of hard steel 
called ball bearings. Ball bearings are used in many of the 
moving parts of small and large machines to cut down the 
friction as much as possible. Ball bearings are a standard 
part of wheel and axle machines, like the bicycle. Check 
vour bicycle and see if vou can discover where the ball 





bearings are used. Look at the wheel axles, the pedal 
crank, in the pedals and on the steering column. These 
are the moving parts of the bicycle, where friction could 
damage the metal parts that rub together. Ball bearings 
in bicycles are kept in a ball race: 


You can see how much ball bearings cut down friction 
by repeating an earlier éxperiment with the heavy books 
resting on the pencils (page 21), Remove the pencils and 
replace them with a few glass marbles, and you will find 
that you can move the books with a gentle push. The 


marbles are far more useful than pencil rollers for moving 


loads. 





a modern adaptation of the 
Toller bearing” principle 
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The pendulum 


In 1585 a young man of nineteen made a discovery that 
was ta alter the design of clocks up to the present day. 
long lamp 
hanging in a cathedral in Pisa, Italy, swung to and fro at 
the end of a long chain as it was caught in a draught. He 
timed the swings of the chain with his pulse beat (by 
holding his wrist with his fingers). The length of the time 
taken by a swing remained the same even though 
sometimes the lamp swung m a larger arc than it did at 


The person was Galileo. He noticed that a 


other times, 


The hanging lamp was a pendulum, that is, a heavy 
welght suspended from a long cord. Galileo later found 
that if the pendulum cord is shortened, the swing 1s 


faster. 


some large clocks are mede 


driven by pendulums. If you 
have a wall clock, look inside 
the case at the pendulum. 
You will notice that the 
upper end of the rod holding 
the weight 1s attached to thin, 
flexible spring steel, That ts 
there to ensure that the 
pendulum swings freely at the 
end of the rigid rod; Gravity 
makes the pendulum swing 
back and Forth. But for 
friction, a pendulum once 
started in its swing would 
move for ever. Clocks give 
the pendulum a tiny push 
regularly to counteract the loss 
of energy due to friction, 

Can you think what the 
pendulum ts rubbing against 
as it moves? 








You can make a pendulum. Fix a heavy weight to a 
length of string and attach the other end as high as 
possible above the ground so that the weight can swing 
freely. Start the pe ndulum and count the number of 
swings it makes in a minute. Now halve the length ot 
string and time it again, What do you notice? Now tie 
two pendulums of the same length, and equal weights 
fixed to the bottom, to a slack string suspended between 
the uprights in an open doorway, Start one of the weights 
and watch what happens, The effect is very strange, What 
happens if you tie three pendulums to the string: 


Can you think of a way of using sand or salt in an 
inverted detergent bottle to trace the path of a pendulum 
swing? 


4] 
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Machines to work machines 


Man's first machines relied on his muscle power. For 
thousands of vears all the lifting and carrying, hewing and 
hammering, making and repairing, was done by man 
alone. Then an idea came to him: why not use animals to 
work his simple machines? They could carry, pull and lift 
his heavy loads. 


The idea was a great success. Horses and oxen 
ploughed land; donkeys pulled in fishing boats and 
carried the catch to the villages; dogs dragged sleighs; and 
ponies worked underground shifting loads of coal. 


= a Tue 


As time went by, another idea was developed. Running 
water could turn machines. Man designed a huge wooden 
wheel with blade-like containers, placed it in running 
water, and as the water turned the wheel, a simple 
arrangement of gear wheels turned a grindstone. You can 
make a water-wheel. You need a large cotton reel and five 
pieces of rectangular tin sheet. Cut five slits in the reel at 





equal distances from cach other, and fix the tin sheets to 
the reel, Pass a long tron nail through the hole in the reel 
so that it acts as an axle. Place the reel under a running 

tap and watch the water-wheel move. 


After the invention of the water-wheel, man used air to 
turn his machines when he made the first windmill. Can 
you design a model windmill? Can you think of other 
machines driven by air or water? 


The power of wind and 
water turned mill sails and 
mill-wheels for hundreds of 
years. But by the seventeenth 
century the need for new 
sources of power became 
urgent. Exciting mventions 
were soon to be created that 
would replace the horse and 
donkey, and wind and water, 
as power packs, opening up 
new possibilities for men to 
reduce their daily drudgery. 
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The steam engine: Steam comes in one side of the piston 

| and fhan moves to the 

. other, pushing it in both 
directions 















steam forces the piston to and fro 
which moves the crank attached ta the flywheel 


‘The steam engine 


When steam was first used as a power pack to drive 
machines, it heralded the start of a boom-time for 
industry. The steam engine was a remarkable invention 
that brought incredible changes throughout England and 
other parts of the world, At last, there was a way of 
providing enormous energy and power for man’s 
machines, Perhaps the most well known steam engine was 
the bramchild of James Watt about 250 years ago, when 
he designed a steam engine based on the work of other 
engineers, He is mistakenly called the Father of Steam. In 


fact, the first record of steam machines ts that of Hero of 
Alexandria in 1308C! Steam engines became commercially 
successful in 1698 when Thomas Savery built them to 
remove water from coal mines. As miners went deeper 
and deeper in search of rich coal seams, they ran into the 
problem of flooding. Savery's engines sucked out the water 
Irom the tunnels, making the underground work safer. In 
1703, Thomas Newcomen designed an engine that could 
empty water from the deepest coal shafts. James Watt was 
an instrument maker in Glasgow. Whilst repairing a 
steam engine made by Newcomen he noticed that the 
machine was wasting power, After a great deal of work he 
perfected an efficient working stcam engine that had 
more practical uses than Newcomen's design. He also 
invented a means by which the steam engine could be 
made to turn wheels. 


The steam engine is a machine that changes heat into 
mechanical energy that powers other machines. Water is 
boiled in thick metal containers to produce large 
quantities of steam, The steam pushes pistons up and 
down which turn a crank attached to a flywheel. This 
moves the necessary engine parts, operating the machine. 


Steam power changed the world: Industry developed 
quickly, especially in areas close to natural reserves of 
fossil fuel (itke coal), The clatter of thousands of steam 
driven machines produced new and cheaper goods. Steam 
engines pulled trains and drove ships carrying goods and 
people all over the world. This era was called the 
Industrial Revolution. Steam power and machines helped 
England to lead the world in industrial technology. 


Steam is back in fashion again but only as a curiosity. 
Renovated steam engines are operated at special times for 
the public to enjoy. Private enthusiasts have brought life 
back ta abandoned village railway stations, and often run 
special steam trains so that the ‘Age of Steam’ will not be 
forgotten, 
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The internal combustion engine 


The success of Watt's steam engine had brought 
England tnto the industrial or machine age, Machines 
could now mass-produce many of the requirements of 
people, and all be powered by steam. At this stage man's 
inventive mind could have relaxed, but more ideas were 
generated to produce new power packs to drive yet more 
machines, 


The steam engine burns coal or oil to heat water to 
produce steam. The steam moves into à metal cylinder to 
drive the piston, The fuel burning is done outside the 
cylinder, Another invention, the infernal combustion 
engine, burns its fuel inside the cylinder, This design 
difference was important, In this new engine, petrol and 
air are mixed and squirted inside the cylinder where the 
mixture is exploded by a spark which drives the all 
important piston. This machine had a great advantage 


The internal combustion engine 
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when the inlet valve is opened 


over the steam engine: its size. Its engine is light, but has 
enough power to drive a motor car, a motor cycle; a bus 
or a truck. At first, cars were too expensive to produce for 
the average man to afford, but public service buses 
opened up new travel possibilities, Families could move 
around the country for a relatively small charge, Before 
long, though, industry was able to produce cars quickly 
and cheaply anc the day of the motor car was with us. 


The internal combustion engine was not restricted to 
land travel. It was made small enough to provide power 
to make aircraft fly, opening up new lands that could be 
reached im a short space of time, 





Planes were powered by radial petro! engines 
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Turbine engines 


It wasn't long before someone realised that steam had 
other uses. Engineers discovered that a large wheel with 
blades on it could be turned by a strong jet of steam. This 
discovery led to the invention of the steam turbine. A 
steam turbine has hundreds of blades set on à long shaft 
or axle completely encased in a strong metal case. The 
turbine engine provides a very smooth and powerful 
source of energy, ideal for ships and generators that 
produce electricity in power stations. Another machine, 
the gas turbine, works the same way as the steam turbine. 
The blades are turned by jets of hot gases that are made 
by burning special fuels. Another kind of turbine is driven 
by water, 


Electric motors 


An electric motor is another form of power pack that 
can drive a machine. Sometimes the electricity comes 
from the generators in power stations that produce 
electricity. This is the source that we use when we plug in 
a television or radio to a power point normally fixed to 
the wall. The current flows into the television set giving it 
the energy to function. Cars carry their own small 
generators called dynamos or alternators, which produce 
all the electricity cars need. Electricity can also come from 
a battery which stores a limited amount of electricity, just 
enough to drive a small electric motor, or provide power 
for a portable radio. 





High pressure gas produces ‘thrust’ in a jet engine 


Jet engines 


Today we are in the jet age. The internal combustion 
engine has given way to the Jet engine in many of our 
planes. Put very simply, the jet engine burns a mixture of 
paraffin and air to form a very hot gas at high pressure. 
This pressure thrusts the engine forwards while the 
exhaust gas rushes out of the back in a jet stream. If you 
blow up à balloon and let it go without tying the neck, 
the balloon is driven forward in much the same way. 


Nuclear energy 


Now man has a choice of power sources to drive his 
machines. The most advanced source of energy is 
provided by nuclear reactors. There are many designs of 
nuclear plants but they all generate heat from nuclear 
reactions and use this heat to produce steam which drives 
turbines to produce electricity. The fuel used in these 
advanced power stations is uranium, a metal which 
contains a small proportion of atoms that ‘split’ 
spontancously, releasing enormous forces that are 
controlled to produce heat. This is called a char 
reaction, because the rapid process, once started, goes on 
and on, each reaction triggering the next one. If a chain 
reaction were to take place too quickly, the energy given 
off would be so great that a huge explosion would take 
place. The atomic bomb works on this principle. 
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The drawbacks 


We have seen some of the ways in which machines 
affect our lives. By increasing production in factories they 
make more and more goods like bicycles, radios, cars, 
planes, house cleaning aids — everything we need to make 
our lives easier. Machines used in farming and for 
processing foods help us to feed more people. Cars, buses, 
trains, ships and aircraft take us around the world, and 
transport goods to other lands. Complex machines like 
computers calculate answers to our problems, Our life is 
geared to machines. Our lives would alter drastically if we 
suddenly had to live without them. 


And yet, because machines need fuel to operate, they 
have created great problems of pollution that threaten our 
very survival. Machines fill the sky with smoke and smog, 
and dirty the rivers and streams. Noise from huge jumbo 
jets makes our lives a misery if we live near airports. Many 
people are very worried about the danger of pollution. 
The development of nuclear power has proved unpopular, 
too. Public protests have actually stopped some nuclear 
projects from going ahead. Yet nuclear energy is likely to 
be developed more now that fossil fuels, like oil and coal, 
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